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THE ADRENAL-HYALURONIDASE RELATIONSHIP
IN INFECTION*
GEO. H. SMITH AND JEANETTE C. OPSAHLt
A few of us can still recall the shocked expression that filled the faces of our
instructors when Charles V. Chapin, in his curt and incisive terms, reported the
somewhat conflicting views of his more ponderous predecessor, George M. Steinberg,
to the effect that a definite and fixed host-parasite relationship does not always exist.
Chapin expressed belief that while there are a few cases of host-parasite relationships
that clearly show a definite phase outcome, each has its infinite variety of form and
manifestations, and each may vary in accord with its own capacities and capabilities-
that for every outcome which is predictable, there are many that do not lend them-
selves to such clearly defined expression; hence, variations in the parasite within the
host in each individual case determine what may develop.
Although this concept, which led to the acceptance of bacterial diseases as well as
of carriers, greatly disturbed some of our elders, it formed a notable turning point in
our knowledge of bacteriology-a knowledge which is even now being intensified by
a study of some of the factors involved.
That the problem of infection and resistance is becoming more complex each year
is clearly seen when we consider recent studies of glandular derivatives and antibiotics.
The terms "resistance to infection" and "susceptibility to infection" were adopted by
bacteriologists, as well as by many others, who had no clear concept of what the
meaning of these terms should be; and since these terms had no exact meaning, they
were used freely and often without regard to their fitness. Thus it was that at the
turn of the century it became apparent that vagueness of ideas was often expressed
without the necessity of precision, and the same is true today.
The present study involves the effects of derivatives of the adrenal cortex on the
spreading of actual parasites in the host. It is hoped that this research will permit us
to penetrate to some degree into currents and cross currents that are operative in
many different diseases.
The spreading throughout tissues of particulate matter, such as the
carbon in India ink, can be enhanced by the action of hyaluronidase. Many
bacteria also spread from a localized focus, and it has been shown that this
spreading may be facilitated by the presence of hyaluronidase or some
similar agent.2 Since both adrenal cortical hormones and hyaluronidase are
said to play important roles in processes of infection, it seems reasonable
to suppose that the two systems might interact in some way.
The literature on the subjects of bacterial infection and resistance is
practically inexhaustible, and since the discovery of spreading factors by
Duran-Reynals,1 almost innumerable investigations as to their roles in
infectious processes have been reported.""'7 The relationship of the adrenals
to infection is discussed in part in a review of adrenal cortical hypertrophy
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by Tepperman, Engel, and Long.' They note that the adrenals of animals
with acute and chronic infections are frequently enlarged, and they state
that "the obvious lack of specificity of this reaction immediately suggests
that it is not the infection itself which produces the adrenal hypertrophy,
but rather some metabolic change that occurs as a result of the infection."
Many individual studies have been made of the effects of cortical extracts
or of adrenalectomy relative to isolated disease pathology, but results for
the most part are inconclusive except for the well-known evidence that
adrenalectomy causes a definite decrease in resistance to infection.'''
Scott, Bradford, Hartman, and McCoy'5 tried to ascertain whether the
injection of adrenal extracts would increase the resistance of animals with
intact adrenals against intoxications or infection; however, no benefit was
shown, and whether the doses used (adequate to maintain adrenalectomized
animals) were insufficient for the tremendous load of the intoxication or
infection, or whether, in the animals tested, an adrenal cortical deficiency
played no important part in the outcome was not determined. Vollmer"T
reported the use of whole adrenal cortical extracts in experimental infec-
tions and concluded that ". . . despite occasional evidence that adrenal
cortical extracts administered during infection may benefit intact animals,
a clear understanding of the role of the adrenal cortex in resistance to
disease may require further extensive exploration."
The purpose of this investigation was to relate the infectious activity of
two bacterial species, Staphylococcus aureus and Salmonella aertrycke, to
the role of the adrenal cortex in resistance to infection.
Experimental
Since the presence of hyaluronidase in various strains of staphylococci
has been shown by several investigators,2 a spreading factor was assumed
to be present in the staphylococcus strain used in this study. When pre-
liminary experiments showed that broth culture medium also contained a
factor that seemed to enhance the spreading of India ink, a confirmatory
study was made using the same Staphylococcus aureus grown in a beef
heart infusion culture medium, which was diluted with varying amounts of
saline, mixed with India ink, and injected intradermally into mice of the
inbred CBA strain. The general methods have been described in some detail
in previously published reports from this laboratory.89"'
Evidence that the broth culture medium enhanced the spread of India ink
is presented in Table 1. On diluting the culture medium with saline, the
spreading effect was decreased. The fact that a filtrate of the bacterial
culture gave much larger areas of spread than did the culture medium
alone, and also that dilution with saline had relatively less effect than in the
case of the bacterial culture, substantiates the assumption that the strain
of Staphylococcus anreus used contained an active spreading factor, most
likely hyaluronidase.
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This strain of Staphylococcus aureus was grown for 16 hours in a culture
medium of beef heart infusion, and 0.1 cc. was injected intradermally into
mice, 10 to 12 weeks of age. This inoculum did not cause death in normal
animals, but after one or two days severe lesions did occur at the site of
injection. The severity of the infection was graded from 0 to 4 plus. Since,
in the previous experiments the broth culture medium alone caused an
enhancement of the spread of India ink, it was considered necessary to
repeat the infection studies by injecting intradermally 0.1 cc. of a saline
suspension of the bacterial organisms. For this purpose, the bacteria were
grown for 16 hours on agar slants containing a beef heart infusion, and
then 10 cc. of normal saline were used to remove the bacterial colonies. Of
this suspension, 0.1 cc. was used as the infectious agent. In Table 2 results
are shown for the injection of either the broth culture or the saline suspen-
TABLE 1
DEMONSTRATION OF SPREADING FACTOR IN 16-HOUR BROTH CULTURES
OF STAPHYLOCOCCUS AUREUS
Dilution of Area of spread bacterial filtrate
or broth Bacterial Broth
culture medium filtrate culture medium
Undiluted 1:1 514 sq. mm. 293 sq. mm.
Diluted 1:2 450 220
Diluted 1: 5 400 162
Diluted 1:10 418 127
Area of spread in mice three hours after the intradermal injection of 0.1 cc. of
India ink combined with a diluted filtrate of Staphylococcus aureus culture in broth
or combined with diluted broth alone (eight mice in each group).
sion of Staphylococcus aureus into normal mice, normal mice pretreated
with adrenal cortical extract (Wilson's), adrenalectomized mice, and into
adrenalectomized mice that had been pretreated with adrenal cortical
extract.
As noted above, the inoculum employed was not lethal for normal
animals, but very severe lesions (4 plus) resulted in from two to four days
following infection. The normal animals given 2 cc. of aqueous adrenal
cortical extract intraperitoneally three hours prior to the administration of
the infectious agent had a marked resistance to the development of lesions.
The adrenalectomized mice appeared to develop severe lesions more rapidly
than did the normal animals, but the most outstanding observation was the
high mortality as early as one day after infection. With both types of inocu-
lum, all of the infected adrenalectomized animals died within seven days.
Replacement therapy with adrenal cortical extract in the adrenalectomized
animals increased their resistance to the infection, as evidenced by a
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lowered mortality and by the development of less severe lesions. It is
obvious, however, that replacement therapy was not complete, due either to
inadequate amounts or improper timing of extract administration.
Since protection following the injection of adrenal cortical extract was
observed in these experiments, it was considered likely that a part of this
protection could have been due to an inhibition of the bacterial spreading
factor by the adrenal cortical steroids of the extract. In order to investigate
further this possibility, a suspension of Staphylococcus aureus in saline was
mixed with an equal amount of adrenal cortical extract, and this mixture
TABLE 3
SIMULTANEOUS INOCULATION OF A SUSPENSION OF STAPHYLOCOCCUS AUREUS IN
SALINE, AND A.C.E. (OR MERTHIOLATE ALONE) IN NORMAL AND
ADRENALECTOMIZED MICE*
Time of observation, days
Inoculum 1 2 3 6 9
Normal mice
0.05 cc. bacterial
suspension (B.S.)
plus 0.05 cc. saline -4- ++ +±+ ±++ +-+
0.05 cc. B.S. plus
0.05 cc. Merthiolate
(1:100,000) + + ++ +++
0.05 cc. B.S. plus
0.05 cc. A.C.E.0 + 0 0
Adrenalectomized mice
0.05 cc. B.S. plus
0.05 cc. saline + ++ ++++ ++++ ++++
0.05 cc. B.S. plus
0.05 cc. Merthiolate
(1:100,000) - + ++ ++++ ++++
(3 dead)
0.05 cc. B.S. plus
0.05 cc. A.C.E. + + + + 0
* Six mice in each group.
was injected intradermally into normal and into adrenalectomized mice.
The adrenal cortical extract used in these studies contained Merthiolate
1: 100,000, thus making it necessary to control the exeriments by giving
a mixture of Merthiolate and the bacterial suspension. A third control
group was employed in which saline was mixed with the bacterial suspen-
sion. The results of some of these studies are presented in Table 3. It is
apparent that the small amount of Merthiolate present in the adrenal
cortical extract was not sufficient to afford any protection. However, the
adrenal cortical extract provided marked protection, as evidenced by theYALE JOURNAL OF BIOLOGY AND MEDICINE
development of smaller and less severe lesions than those in the control
groups. The protective effect of adrenal' cortical extract was seen in both
normal and in adrenalectomized animals. It should be noted that the dosage
of adrenal cortical extract used in these experiments was considerably
smaller than that used in the previously cited groups of experiments. The
results obtained parallel very closely the inhibition of the spreading
phenomenon by adrenal cortical steroids, as reported earlier.810"'
The investigations of Duran-Reynals and others have suggested that
Salinonella aertrycke does not contain the enzyme hyaluronidase. Inasmuch
as this organism is extremely infectious for mice, it was chosen for the
second series of studies. Salmonella aertrycke was grown for 16 hours on
agar slants containing beef heart infusion. A suspension of the bacterial
colonies was made in saline and injected intradermally into mice. A pre-
liminary study showed that either 0.1 or 0.05 cc. of the suspension would
kill all of the normal control animals. Therefore 0.05 cc. was chosen as the
arbitrary dosage for the experimental studies. This amount of the bacterial
suspensionwasinjectedintradermally into normal and into adrenalectomized
mice, and adrenal cortical therapy was carried out by the administration of
either aqueous adrenal cortical extract (Wilson's) or Lipo-adrenal extract
(Upjohn's). When the aqueous extract was used, 1.0 cc. was given three
hours before the injection of the bacterial suspension, and 1.0 cc. was
injected each day for eight days following infection. The Lipo-adrenal
extract was administered in a dosage of 0.2 cc., 48 hours and again six
hours before injection of the bacterial suspension. On the second day after
infection, an additional dose of 0.2 cc. was administered.
The extreme toxicity of this organism for mice is evident from the data
given in Table 4; within a period of ten days all infected animals died. The
administration of adrenal cortical extract, either aqueous or Lipo-adrenal
extract, did not appear to influence in any major degree the course
of infection in the normal animals. However, it is obvious that the
adrenalectomized animals were to some degree protected by adrenal cortical
therapy. As was the case in the Staphylococcus aureus studies, replacement
therapy was not complete, since the adrenalectomized animals receiving
adrenal cortical extract did not survive as long as did the controls.
Discussion
It has been well established that the spreading factor is an important
agent governing invasion of bacteria through the barrier provided by the
ground substance of the mesenchyme.1" The results of the present investi-
gation support this conclusion in an indirect manner. The inhibitory effect
of adrenal cortical extracts and certain adrenal cortical steroids on
hyaluronidase-enhanced spreading of India ink has been demonstrated by
previous studies.810"' If the invasiveness of bacteria is affected by the
presence of the enzyme hyaluronidase, the invasion of Staphylococcus
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aureus should be enhanced in the adrenalectomized animals and suppressed
by the administration of adrenal cortical extract. On the other hand,
Salmonella aertrycke, which presumably does not contain the enzyme
hyaluronidase, should not be affected in the same manner by the absence of
TABLE 4
INFLUENCE OF ADRENALECTOMY AND A.C.E. (AQUEOUS) OR LIPO-ADRENAL EXTRACT
ON THE COURSE OF INFECTION RESULTING FROM THE INTRADERMAL INJECTION
OF 0.05 CC. OF A SUSPENSION OF S. AERTRYCKE GROWN FOR 16 HOURS
ON BEEF BROTH AGAR SLANTS
Time of observation, days
Experimental group
Normal controls
Normal with A.C.E.
(aqueous)
1 cc. prior to infec-
tion and 1 cc. each
day for 8 days
Adrex
Adrex with A.C.E.
(aqueous)
1 cc. prior to infec-
tion and 1 cc. each
day for 8 days
Normal controls
Normal with Lipo-
extract 0.2 cc. 48
hours before and 0.2
cc. 6 hours before
infection. 0.2 cc. on
the 2nd day after
infection.
1
±+ (0/6)*
2
++ (0/6)
0 (0/6) + (0/6)
3
+++ (0/6)
6 10
++++ (3/6) (6/6)
+ (0/6) ++++ (5/6) (6/6)
± (5/6) (6/6)
0 (1/6) ++ (3/6) +++ (3/6) (6/6)
+ (0/6) ++ (0/6) +++ (0/6) ++++ (4/6) (6/6)
+ (0/6) + (0/6) ++ (0/6) ++++ (5/6) (6/6)
Adrex - (4/6)
Adrex with Lipo-
extract 0.2 cc. 48 ± (1/6)
hours and 6 hours
before infection.
0.2 cc. on the 2nd
day following
infection.
(6/6)
+(1/6) (6/6)
* Denotes the number of mice dead over total number used in this experiment.
the adrenals or by the administration of adrenal extracts. The extreme
sensitivity of the adrenalectomized animal to all types of infection, as well
as to many types of non-specific stress, makes it apparent that the relation-
ship between the adrenal hormones and the hyaluronidase can be only one
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of several factors involved. Therefore, it can not be expected that all of the
effects of the adrenal cortex on resistance to infection will be related to
hyaluronidase, although this may be one factor of importance.
Contrary to the protection afforded by adrenal cortical extracts in
infections with Staphylococcus aureus, little or no effect was observed on
the course of infection in normal animals injected with Salmonella
aertrycke. The experiments with this organism were not so extensive nor
so clear-cut as were the staphylococcus studies; however, it seems to be
fairly well established that the adrenal cortical extracts did not provide any
measurable protection in the normal animal. Replacement therapy in the
adrenalectomized animal resulted in a definite protection, although its
demonstration was only on thebasis ofprolonging life. The adrenalectomized
animals given either aqueous or Lipo-adrenal extract did not survive for
as long as did the normal controls. The amount of adrenal extract required
for complete replacement therapy is known to be great,' and the doses
employed in this study were known to be suboptimal, but larger doses
probably would have been impractical. It is possible that by increasing the
amount of adrenal extract administered or of the effective fractions thereof,
some protection of the normal animals might have been obtained, since the
adrenal steroids offer resistance to stress in ways not involving the
adrenal-hyaluronidase relationship.
The experiments with Staphylococcus aureus show that adrenal cortical
extracts have a pronounced inhibitory effect on the development of lesions.
This was noted when adrenal cortical extracts were administered to normal
or to adrenalectomized animals. The most conclusive evidence that the
adrenal hormones exerted part of their effect through an inhibition of
bacterial hyaluronidase is derived from the experiments in which adrenal
cortical extracts and bacterial suspensions were mixed together and admin-
istered simultaneously. Under these conditions a definite protection was
observed. The dosage of adrenal cortical extract was minute in comparison
to the amount that would be required for replacement therapy. It is diffi-
cult to draw conclusions other than that the protection was due to an
inhibition of hyaluronidase present in the bacterial suspension.
Summary
1. The influence of adrenalectomy and adrenal cortical extracts on
the course of infection resulting from the intradermal injection of a
hyaluronidase-containing bacterium, Staphylococcus aureus, and of a
hyaluronidase-free bacterium, Salmonella aertrycke, has been investigated.
2. With the hyaluronidase-containing bacteria, the course of infection
could be inhibited markedly in normal animals as well as in adrenal-
ectomized animals by the administration of adrenal cortical extracts.
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3. Whenadrenal cortical extract was mixed with the bacterial suspension
and the mixture injected intradermally in mice, the course of infection was
inhibited. Under these conditions the amount of adrenal cortical extract
necessary for protection was minute when compared with the amount
required for protection when administered systemically.
4. In the case of the hyaluronidase-free bacteria, a protective effect of
adrenal cortical extract could be demonstrated only in the adrenalectomized
animal. With both types of organism, replacement therapy with adrenal
cortical extract in the adrenalectomized animal did not give as complete a
protection against infection as was found in the normal control animals.
5. It has been concluded that the adrenal-hyaluronidase relationship
may be one of the factors involved in the lowered resistance of adrenal-
ectomized animals to infection, but a lack of hyaluronidase inhibition can be
only one component of this complicated deficiency condition.
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